Abstract -Chromosome behaviour in respect of chiasma distribution and frequency was studied in the pollen mother cells and embryosac mother cells of two populations each of wheat (Triticum aestivum) and oat (Avena sativa) and three populations of pearl millet (Pennisetum americanum). While regular bivalent formation was a normal feature in both the sex mother cells of oat with no variation observed in the chiasma frequency and distribution in male and female sex cells, in wheat one population showed regular bivalent formation in the two sex cells whereas the other population carried a reciprocal interchange involving two pairs of nonhomologous chromosomes in 80 and 71.42 per cent male and female sex cells, respectively. However, the presence of interchange did not effect the overall chiasma frequency which was almost similar in all the cells studied with or without a quadrivalent. In pearl millet, unlike oat and wheat, the chiasma frequency was higher in female sex cells than the male cells. Moreover, the distribution pattern of chiasmata varied drastically in the two sex cells at diakinesis and metaphase-I stages. It was predominantly terminal in male cells whereas in female cells interstitial chiasmata were mostly observed. It is concluded that in oat and wheat the contribution of the two sex cells towards generating variability through recombination are identical. In pearl millet it seems likely that the effective recombination is brought about chiefly by female meiotic bivalents and the male side provide for the retention of certain linkage groups. The importance of differential behaviour of chromosomes in the two sex cells is discussed.
INTRODUCTION
Significance of meiosis lies in that it helps in maintaining constancy in chromosome number in an individual formed after the fusion of two sex cells, and more importantly, it plays a key role in creating new combinations of different genes on a chromosome thereby exposing variations of an individual to the effect of natural selection. Therefore, any variation in chromosome number, behaviour and/or the sexual ge-netic system can have far reaching consequences. It can, among other factors, affect the fertility, the size of breeding group and the amount of value of recombination (DARLINGTON 1971) .
For generating variations one prerequisite is that chromosomes should pair and cross over effectively and both demand chiasmata. Hence the genetic system in the sexually reproducing organism is always under stress to reconcile the needs of recombination between chromosomes and within them (DARLINGTON 1971) . The most obvious evidence of stress is in the two track heredity. The two kinds of meiosis responsible for the two lines of heredity and the frequency of chiasmata and crossing over. This contrasting behaviour has been observed in Drosophila melanogaster which shows suppression of cross ing over in the heterozygous males (SANDLER et al. 1968; DARLINGTON 1971) . This situation with a novel type of meiosis is widespread in animals with a short life cycle (LEWIS and JOHN 1965; DARLINGTON 1971; PERRY and JONES 1974) . In plants the study of the behaviour of chromosomes in the female sex cell i.e. embryosac mother cell (EMCs) compared to male sex cell i.e. pollen mother cells (PMCs) has been a difficult preposition. This has been so on account of the difficulties encoutered while locating and handling the female sex cell which is not only delicately placed in an ovule but also exists in very small number per flower. In contrast, the male sex cells are produced in abundance per anther and are very easy to handle. Owing to the relative ease with which PMCs can be handled, several thousands of plants have been studied for male meiosis whereas information on female meiosis have been available only for about 51 taxa mostly representing the families like Alliaceae (17 taxa), Liliaceae (13 taxa) and Fabaceae (7 taxa) (BROCK 1954; FOGWILL 1958; VED BRAT 1965; NODA 1975; KAUL 1980, 1981; RAINA 1996: KOUL et al. 1999) . Species representing these families are characterised by the presence of generally large chromosomes and more than one ovule per ovary that facilitates, to some extent, the study of female meiosis. On account of the various problems faced in studying the behaviour of chromosomes in female sex cells it has been assumed that both male and female sex cells show identical chromosome behaviour and what is true of male meiosis is true of female meiosis as well. Accordingly, there existed a trend of extending generalization from one sex to the other (KouL 1983). However, recent studies on male and female meiosis in both plant system and the animal system have shown that chromosome behaviour in the two sex cells can vary significantly (Table 2) (DARLINGTON 1934; PASTOR and CALLAN 1952; FOGWILL 1958; SLIZYNSKI 1960; WATSON and CALLAN 1963; VED BRAT 1966; POLANI 1970; VOSA 1972; BENNETT et al 1973; PERRY and JONES 1974; DAVIES and JONES 1974; NODA 1975; KAUL 1980,1981; KOUL 1983; KOUL and GOHIL 1989; KOUL et al. 1995 KOUL et al. ,1999 KOUL and RAINA 1996) . Such variations have pointed towards the differential contribution of two sex cells towards releasing genetic variability.
Compared to species representing the families like Alliaceae, Liliaceae and Fabaceae, the species belonging to the family Poaceae are difficult to study for female meiosis. Reasons being (1) the presence of very small size of flowers with each flower carrying ovary with solitary ovule attached to the adaxial inner surface and, (2) the presence of high level of polyploidy accompanied by mostly abnormal behaviour of chromosomes.
During the present course of investigations three economically important plants of the fam ily Poaceae i.e. wheat (Triticum aestivum), oat (Avena sativa) and pearl millet (Pennisetum americanum) have been studied for male and female meiosis. Although lot of work has been and/or is being carried out in different fields (RAJHATHY 1963; CHANG and SADA NAGA 1964; RILEY et al. 1967; PANTULU and MANGA 1972; RAJHATHY and THOMAS 1974; RAO 1976, 1982; LARIK and THOMAS 1979; Mc-COY et al. 1982; GUPTA and PRIYADARSHAN 1982; JOHNSON et al. 1987a JOHNSON et al. , 1987b GILL et al. 1991; DEVOS et al. 1995; DEVOS and GALE 1997) in these taxa, it is rather unfortunate that no attempt has been made to study and compare the behaviour of chromosomes in the male and female sex cells of these plants. Such studies are necessary for the complete analysis of heredity and variation. The present communication is an attempt to bridge this gap.
MATERIAL AND METHODS
Two populations each of wheat (Triticum aestivum) and oat (Avena sativa) and three of pearl millet (Pennisetum americanum) were studied. While the plants of former two species were growing in the Botanic gardens of Delhi University and Hindu College, Two populations of P. americanum were raised from the seed samples obtained from Institut fur Pflanzengenetik und kulturpflanzenforschung (IPK), Gatersleben, Germany, whereas one population was growing in the Botanic garden of Hindu college. Panicles/spikes of healthy plants were fixed in acetic alcohol 1:3 and anthers and ovaries isolated from spikes were stained together with leucobasic fuchsin after hydrolysis in 5N HC1 at room temperature for 45 min. For male meiotic studied anthers were directly squashed in a drop of 45 per cent acetic acid whereas for female meiosis, ovules, dissected out of the ovary using a dissection microscope, were gently tapped under a cover slip in a drop of 45 per cent acetic acid. Meiotic observations were made on temporary slides. Chromosome pairing was scored in both male and female sex cells at same meiotic stages and only those cells were scored which showed no and/or least overlapping of bivalents. Photomicrographs were taken by Olympus CH30 microscope using 100X and oil and wherever the chromosomes in a female sex cells were found widely separated, which made photography impossible under 100X, 40X objective was used.
RESULTS

Meiosis
Detailed meiotic studies revealed the presence of n = 21 in all the populations of wheat and oat. However, in pearl millet 14 chromosomes (n = 7) were observed in all the three populations studied. The details of meiosis in the two sex cells of each species studied follows. Table 1 gives the salient features of meiosis in the two sex cells studied.
Oat (Avena sativa)
Meiosis in all the individuals of this species from two populations studied was normal. Regular 21 bivalents were observed in all tbe pollen mother cells (PMCs) and embryosac mother cells (EMCs) studied whether at diplotene/diakinesis (Figs. la,b) and/or metaphase-I stages. Bivalents were predominantly of ring shape and showed both interstitial and terminal chiasmata; interstitial chiasmata being present in large number. Owing to similar behaviour of chromosomes in PMCs and EMCs the chiasma frequency did not vary much in the two sex cells. It was almost identical (Table 1) .
Wheat (Triticum aestivum)
Unlike the normal behaviour of chromosomes in the two populations of A. sativa, in this species varying behaviour was observed in the two populations studied. While the Delhi University population showed perfect bivalent formation in all the EMCs and PMCs studied at diplotene/diakinesis, the Hindu College collection, interestingly, showed one quadrivalent besides 19 bivalents in 80 and 71.42 per cent PMCs and EMCs studied, respectively. The quadrivalents were both of ring and zig-zag shape and their presence did not affect the overall frequency of chiasmata which was almost similar in the two populations (Table 1) . The chiasmata were mostly interstitial in position.
Pearl millet (Pennisetum americanum)
In this species chromosome behaviour in the two sex cells was interesting and followed almost the same course in all the three popula tions studied. Although perfect bivalent forma tion was a rule in all the PMCs and EMCs studied at diakinesis and metaphase-I stages, the two sex cells varied with regard to the distribu tion and frequency of chiasmata. Chiasmata in PMCs studied at diakinesis were predominantly terminal in position (Fig. Ic) with each bivalent having a maximum of two chiasmata; in EMCs chiasmata were mostly interstitial (Fig. 1d) . Owing to terminal vs interstitial position of chiasmata, their frequency varied significantly in the two sex cells. It was higher in EMCs as compared to PMCs (Table 1) . This situation was similar in all populations studied. Varying position of chiasmata at diakinesis got reflected at the later stage of meiosis i.e. metaphase-I. At this stage in all the PMCs the two chromosomes of a bivalent were held together at the terminal ends and in 30.68 to 31.52 per cent cells 2-4 univalents (Table 1) were formed due to precocious disjunction. In the EMCs at metaphase-I bivalents invariably had 1-2 interstitial chiasmata. No univalents were observed.
DISCUSSION
From the present observations and the information given in Table 2 , it is amply clear that the behaviour of chromosomes in respect of chiasma frequency and distribution is not al ways similar in the two sex cells of a hermaph rodite plant. While in some chiasma frequency is more in EMCs, in still others the situation is other way round. Moreover, in taxa like Fritil-laria (NoDA 1975) achiasmate versus chiasmate meiosis exist in the two sex cells. This means that the contribution of two sex cells towards releasing genetic variation can vary signifi cantly. Therefore, the present observations vis a-vis earlier reports have not only made the long supported assumption that two sex cells show synchronous meiotic behaviour untenable, but also has created a need for information on chromosome behaviour in the two sex cells before meaningful conclusion can be drawn about the regulation of recombination and its relation to expression of genetic variation in various population of plants.
During the present course of studies while similar chromosomal behaviour in respect of chiasma frequency and distribution was observed in wheat (T. aestivum) and oat (A. sativa), variations in the frequency and distribu tion of chiasma was a regular feature in pearl millet (P. americanum) with EMCs showing more chiasma frequency than PMCs. This suggests that the contribution to genie recombination in the two sex cells is similar in wheat and oat whereas in pearl millet it seems likely that the effective recombination is brought about chiefly by the female meiotic bivalents whereas the male side provides for the retention of cer tain linkage groups. A perusal of literature pub lished on female meiosis (Table 2 ) reveals simi lar synchronous behaviour of chromosomes in wheat studied earlier (BENNETT et al. 1973) . However, since the earlier attempt was mainly aimed at determining the time and duration of female meiosis, not much detail is available about the behaviour of chromosomes in wheat. Nevertheless, the present studies have revealed different behaviour of chromosomes in the two populations of wheat collected from Delhi University and Hindu College. While the Univer sity population showed normal diploid like chromosome behaviour in both the sex cells, the Hindu College population carried a recipro cal interchange as evidenced by the presence of a quadrivalent besides 19 bivalents in 80 and 71.42 per cent PMCs and EMCs, respectively. The chromosomes behaved identically in the two sex cells and the presence of quadrivalent did not affect the overall frequency of chiasmata when compared to non-quadrivalent carrying cells.
Published data on wheat have shown that presence of reciprocal translocations is not a rare observation. However, its presence in the female sex cell is being reported for the first time. Prior to this translocations have been studied only in the PMCs in a number of varieties and stocks (SEARS 1953; DALAL and SADANAGA 1965; BAKER and MCINTOSH 1966; RILEY et al. 1967; ROBBELEN 1968; LAW 1971; CHAE et al. 1979; VEGA and LACADENA 1983) . And using monosomic and other aneupoid lines of cv. Chinese Spring of wheat as reference variety, since it is reported to have the standard chromosome structure (SEARS 1953) , the most common type of interchanges reported have been 5B-7B, 3B-3D, 4A-6B, 2A-3A, 2B-3B, 3B-7B and 2D-7B (VEGA and LACADENA 1983) . Realizing that hexaploid wheat has originated as a result of a cross involving three progenitors with genomes designated as AA, BB, DD, it is rather difficult to identify the chromosomes and the genomes involved in the interchanges. Nevertheless, SEARS (1953) reported one interchange involving 3B-7B chromosomes in an Indian variety, whereas DALAL and SADANAGA (1965) observed 3A-7B interchange in "So-TABLE 2 -Salient features of meiosis observed in male and female sex cells of various taxa studied so far. nora" variety of wheat. From these reports and also the fact that 5B-7B translocations are very old and more frequently observed in Asian cultivars (VEGA and LACADENA 1983) one may assume the involvement of B genome in presently studied interchanges. However, this assump tion would be speculative. Whatever be the ge nome and/or chromosome involved in the present material, one thing is certain that hexaploid wheat, which is of great antiquity, is still in the process of stabilizing through interchanges. Although these interchanges rearrange linkages that makes the locating of genes in a specific chromosome with monosomic analysis difficult, it, nevertheless, creates variation in combination of genes producing unique and unrepeatable discontinuities in evolution. Moreover, such changes have an important property arising from them being identifiable in evolution by the hybridity they generate (DARLINGTON 1971) . This is true whether it is an interchange or polyploidy in wheat, interchanges in Oenothera, and inversions in Drosophila. All these occur as sequences of events which con ferred a selective advantage on the species.
As far as the variation in chromosome behaviour in two sex cells in concerned although the presence of an increased frequency of chiasma in EMCs over the PMCs (as in P. americanum) has been attributed to factors like lack of competition, good nutrient condition available and/or increased time period available for paiing of chromosomes in EMCs (BENNETT et al. 1973) , these factors do not explain the higher frequency of chiasma in PMCs and/or similar behaviour of chromosomes in two sex cells as seen in T. aestivum and A. sativa. Therefore, it remains to be seen whether the differential behaviour of chromosomes are the result of differ ent physiological conditions of the two cells or are the result of varying influence of genes controlling meiosis. With the role of gene in controlling the homologous synapsis, chiasma frequency, formation and localization (REES 1934; RILEY 1966; JONES 1967; BAKER et al 1976; KODURU and RAO 1981; JOHN 1990 ) well established, DAVIES and JONES (1974) while working on various inbred lines of rye and SANDLER et al. (1968) on Drosophila melanogaster reported similar behaviour of chromosomes in rye and achiasmate versus chiasmate meiosis in male and female sex cells in Drosophila and attributed such behaviour to single joint control of genes and two independent genetic controls operational in the two sex cells, respectively. In the present materials assigning the similar chromosome behaviour in T. aestivum and A. sativa and dissimilar behaviour of chromosomes with respect to chiasma frequency and distribution in P. americanum to the presence of single and independent controlling system of genes in two sexes, respectively, will be too premature. This is mainly because simple comparison of meiosis in the two sex cells as the type of control does not necessarily bear a direct relationship to the presence or absence of a sex difference. This is so because similar behaviour of chromosomes in respect of chiasma frequency and distribu tion in two sex cells need not necessarily imply the involvement of joint control but might res ult from two independent control systems act ing convergently to produce similar effect. Similarly, sex differences at meiosis need not imply separate controls but could be the differential manifestation of joint control under vary ing conditions prevalent in EMCs and PMCs. Problems related to genotype control opera tional in two sex cells can be tackled by the study of (1) meiotic mutants (DAVIES and JONES 1974) , (2) inbred lines produced from a nor mally outbreeding organism (as in rye) (DAVIES and JONES 1974; REES 1954) , (3) hybrids and in particular their derivatives (as in Lolium-Festuca and Allium sps.) (REES 1954) , (4) by establishing positive correlation between parents and offspring (MUNTZING and AKDIK 1948) and, (5) by the study of genotypes unbalanced by supernumerary chromosomes, as in Sorghum (DAR- LINGTON and THOMAS 1941) .
Lastly, whatever be the nature of genetic control operational in the three taxa studied presently, one thing is certain that the behaviour of chromosomes in the two sex cells can not always be the same. Variations can exist in chiasma frequency and distribution and if such variations are prevalent in economically impor tant plants like wheat, oat and pearl millet it can be an important tool in the hands of a plant breeder for controlled handling of genetic vari ations.
